We present spectra of 79 bright QSOs obtained with the Kast spectrograph on the 3 m Shane Telescope at Lick Observatory. The QSOs have emission redshifts 1.89-2.45, and most are near the mean value of z em ¼ 2:17. Two of them, one a new discovery, are broad absorption line QSOs. The spectra have $250 km s À1 resolution, and they cover 3175-5880 8 with signal-to-noise ratios of 6-20 per 1.13 8 pixel in the Ly forest between Ly and Ly. We show the continuum levels that we used in a previous paper to make a calibrated measurement of the amount of absorption in the Ly forest at z ¼ 1:9. We measure redshifts for 140 absorption-line systems, and we list the metal ions that we see in each system. We identify 526 emission lines and list their observed wavelengths, which we use to obtain new emission redshifts. We find that three emission lines, or line blends, in the forest have mean rest wavelengths of 1070:95 AE 1:00, 1123:13 AE 0:51, and 1175:88 AE 0:30 8.
INTRODUCTION
We can measure a combination of cosmological and astrophysical parameters by comparing the absorption by neutral hydrogen (H i) in the Ly forest in QSO spectra with numerical simulations of the intergalactic medium (IGM). The parameters include the baryon density, the power spectrum that quantifies the clumping of matter on large scales, the gas temperature, and the intensity of the UV radiation that ionizes the IGM.
Improvements in the size, accuracy, and sophistication of the simulations are prompting us to obtain improved samples of spectra of the Ly forest, including more QSOs with better flux and continuum calibrations and metal-line removal.
Large QSO surveys such as the Sloan Digital Sky Survey (SDSS) 1 and the Two Degree Field Survey (2dF) 2 include spectra of thousands of QSOs, sampling the Ly forest absorption at redshifts z ' 2:5 and larger.
At redshifts below 2.5, however, there are only two moderately sized ground-based surveys that cover the Ly forest with sufficient resolution and signal-to-noise ratio (S=N). Kim et al. (2004) discuss the Ly forest from a sample of 27 highresolution VLT/ UVES spectra with a median redshift of hzi ¼ 2:25. Scott et al. (2000) present $1 8 resolution data for 39 QSOs that cover the Ly forest at 1:6 < z < 2. The survey of Lyman limit absorption by Sargent et al. (1989) contains 59 QSOs, some of which cover the Ly forest at z < 2:5, but the resolution is low, and most are at higher redshift. Barthel et al. (1990) present 67 spectra of radio-loud QSOs, of which 26 have emission redshifts between 1.9 and 2.6, but this survey contains no data below 3880 8. Sargent et al. (1988) present $1.5 8 resolution spectra of 55 QSOs, of which 33 have emission redshifts between 1.9 and 2.5, but this survey covers C iv absorption. Lanzetta et al. (1987) analyze 32 QSOs for Mg ii absorption, 16 of which have emission redshifts between 1.9 and 2.5, but their survey was confined to wavelengths greater than 6200 8 and thus does not cover the Ly forest.
Finally, larger surveys such as the Large Bright Quasar Survey (Hewett et al. 1995) , the FIRST Bright QSO Survey (Gregg et al. 1996) , and the Hamburg / ESO survey for bright QSOs (Wisotzki et al. 2000) have a large number of QSOs below z ¼ 2:5, but the resolution of these surveys is very low.
The scarcity of ground-based spectra covering the Ly forest at redshifts 1.6-2.5 occurs primarily because our atmosphere, optical fibers, and glass in spectrographs all absorb more at observed wavelengths less than 4000 8, and CCD detectors often have reduced efficiency at those wavelengths.
In this paper we present spectra of 79 QSOs with an average emission redshift of z em ¼ 2:17. The redshift range of the Ly forest in the spectra, 1.6-2.4, complements that of the larger surveys at higher redshift. We include enough QSOs to give interesting measurements of the variations in the amount of H i and metal line absorption from QSO to QSO.
In x 2, we discuss the observations and data reduction. In x 3, we present the spectra, and we discuss individual QSOs, their metal line absorption systems, and emission lines. Tytler et al. (2004) use 77 of the spectra presented here to measure the amount of absorption in the Ly forest at z $ 1:9. We made artificial spectra that mimic the real spectra. We placed continua on the Ly forest in the artificial spectra and measured the errors that we made placing these continua. We corrected the continua on the real spectra to remove this bias. The result is the first calibrated measurement of the mean amount of absorption in the Ly forest at any redshift and the first measurement with a large sample of QSOs at z ' 1:9. We also measure the mean amount of absorption by metal lines and the variation in both the H i and metal line absorption from QSO to QSO, which is large. We find that the lowdensity Ly forest alone absorbs 11:8% AE 1:0% of the flux and that absorption by metal lines and the Ly lines of absorption systems with H i column densities log N H I > 17:0 cm À2 increase this to 15:1% AE 0:7%. We compared these results with artificial spectra from a large hydrodynamic simulation to measure the combination of the baryon density, the parameter 8 that measures the amplitude of the matter power spectrum, and the intensity of the UV radiation that ionizes the IGM. All three are consistent with prior measurements. The error on the baryon density and 8 would be comparable to the errors on the best prior measurements, if there were no uncertainty in the other parameters, and we have the best measurement on the UV radiation intensity.
OBSERVATIONS AND DATA REDUCTION
We obtained the spectra of the QSOs using the Kast Double Spectrograph on the 3 m Shane Telescope at Lick Observatory from 2001 to 2003. In most cases, we used the 2 00 slit width, although we changed to the 3 00 slit to accommodate poor seeing conditions. In good seeing we used a 1B5 slit. For all observations, we rotated the spectrograph to place the long axis of the slit in the vertical direction at the effective middle of the exposure to minimize losses due to atmospheric dispersion. For each QSO in the sample, we took exposures using both the blue and red cameras on Kast. The blue camera used the 830/4360 grism, and the red camera used the 1200/5000 grating, with a dispersion of 1.13 and 1.17 8 pixel À1 , respectively ($3 pixels per resolution element). We employed the d46 dichroic to split the light between the cameras. The blue camera exposures covered the approximate wavelength range of 3175-4540 8, and the red camera exposures covered the approximate wavelength range 4475-5880 8. Because of differences in the exact location of the blue camera CCD on a given observing run, the starting and ending wavelengths vary by approximately AE5 8 from run to run.
We chose the QSOs from the NASA/IPAC Extragalactic Database (NED) 3 using three constraints. They should have emission redshift z em between 1.9 and 2.4, be of sufficient brightness to keep exposure times less than a few hours, and not show broad absorption lines (BALs). The z em constraint was made to maximize coverage of the Ly forest at z ' 1:9. We chose to avoid BAL QSOs to minimize absorption in the spectra that does not come from the IGM. We obtained and present spectra for two QSOs, Q1542+5408 and Q2310+0018, which we found to show BAL absorption. Q1542+5408 is discussed in Green et al. (2001) , and the BAL nature of Q2310+0018 is first reported here. These two QSOs, noted as BAL in several of the tables in this paper, were not used by Tytler et al. (2004) . Other than these constraints, the survey is unbiased with respect to the QSOs observed. Table 1 lists the QSOs observed, along with their B1950.0 and J2000.0 coordinates, the V magnitude given by NED, the approximate redshift, and the exposure time. For simplicity, and to aid comparison with published spectra, we choose to name the QSOs by their abbreviated B1950.0 coordinates. Table 2 lists the observation date, slit width, and signal-tonoise ratio for each QSO.
In Table 2 we list the signal-to-noise ratio at two rest wavelengths in the Ly forest, 1070 and 1170 8. These are the starting and ending wavelengths that we used in Tytler et al. (2004) for the measurement of the mean amount of absorption. The values are the mean signal-to-noise ratios over 20 8 (rest frame) centered about these wavelengths. The signal-to-noise ratio of the unabsorbed continuum level would generally be higher, because absorption from the Ly forest has lowered the mean signal. Figure 1 shows the distribution of the signal-tonoise ratios from Table 2 .
We chose the exposure times to obtain S=N > 10:0 at wavelengths greater than the Ly emission line of each QSO. Most of the spectra reach this goal, except those observed in poor conditions. We do not present QSOs for which we obtained S=N < 2.
We obtained, but do not present, spectra for six objects that, on reduction, are not QSOs. Two of these spectra are likely due to telescope pointing error. It is possible that the four other objects, Q1456+5404 ( We reduced the spectra and calibrated their wavelength scale using the standard long-slit reduction tools in IRAF. We took an exposure of arc lamps after each QSO exposure and while the telescope was tracking the QSO to minimize wavelength errors caused by flexure. The wavelength solutions have typical errors less than 1 8. All the observed wavelengths in this paper are vacuum values in the Earth frame of reference at the time of observation, without correction to the heliocentric frame. For each night, a number of spectrophotometric flux standard stars were observed for the purposes of flux calibration. We list these stars in Table 3 . As discussed in Suzuki et al. (2003) , our errors in relative flux calibration could be as low as a few percent. Finally, the spectra were cleaned of any deviant pixels resulting from poor sky or cosmic-ray subtraction by replacing these pixels with their neighboring flux values.
THE KAST z ' 2 SURVEY
We now present the spectra of the survey, comment on absorbers in individual QSOs, and tabulate the emission lines.
Spectra
In Figure 2 , we show the blue and red camera exposures of the 79 QSOs comprised by the survey. For each blue exposure, the flux (solid line), error (dotted line), and continuum (dashed line) level are shown. For the red camera exposures, we display the flux and error levels. The spectra have well-calibrated relative flux, but we do not assign a numerical value to the flux, since absolute flux calibration was not a goal for the survey, and few exposures were made under photometric conditions.
We placed a continuum level on each blue-side spectrum. The level was determined by eye and recorded using the Bspline fits discussed in Kirkman et al. (2003) and Tytler et al. (2004) . We also fitted continua to artificial spectra that we made to mimic the real ones. Our continuum fits to those spectra had a typical error of 3.5%. Averaged over 77 QSOs, excluding the two QSOs that we label BAL in Tables 1 and 2 , the mean continuum level error is 1%-2%, except at S=N < 6 pixel À1 , for which we systematically placed the continuum too high. The continua that we show on the Kast spectra in Figure 2 are the equivalents of the original ''F1'' fits to the artificial spectra that we discuss in detail in Tytler et al. (2004) . We believe that they have errors similar to those on the artificial spectra. We have not placed continua on the exposures with the red camera.
Notes on Indivv idual QSO Spectra
We now discuss various aspects of the individual spectra. Table 4 lists 140 systems with strong absorption lines. These systems were found by scanning the blue camera spectra by eye to find Ly absorption that appeared to have either significant equivalent width, saturated absorption, or a combination of the two. For those systems, both the blue and red camera exposures were then scanned for metal absorption at the same redshift as the H i absorber. We also searched both the blue and red camera exposures for strong metal absorption. When absorption was found, the ion was identified, and the spectra were scanned for absorption from other metal species at that redshift. Spectral regions containing Ly forest absorption were not scanned for metal lines, as they would be blended with H i and possibly misidentified. In some cases, only a metal transition such as C iv, Mg ii, or Fe ii is given, since the H i at the redshift of these absorbers is either outside the wavelength range or does not appear to be strong compared with the Ly forest at nearby wavelengths. Table 4 is not a complete census of the metal absorption for the survey but instead attempts to highlight systems with a large H i column density, such as Lyman limit and damped Ly systems, along with systems showing strong absorption in metals. Additional notes on individual QSOs are given below.
Q1422+4224: There appears to be strong H i absorption at z ¼ 1:951. Possible absorption in metals at the expected positions of C ii and Si iv is seen, but the signal-to-noise ratio at these wavelengths is poor.
Q1542+3104: This QSO contains considerable metal absorption near the C iv emission line. Moreover, the Ly forest in this QSO appears to have many regions of highly clustered absorption. This QSO could be classified as a BAL ( Weymann et al. 1991; Narayanan et al. 2004) .
Q1559+0853: The absorption from C ii at z ¼ 2:252 is uncertain, since the Si ii absorption from the system at z ¼ 1:842 is at nearly the same wavelengths.
Q1649+4007: The Fe ii transitions for the absorber at z ¼ 0:499, which shows Mg ii, are all in the Ly forest and are thus uncertain.
Emission Lines
Large samples of QSO emission-line wavelengths have been presented and discussed by many authors (Wills et al. 1985; Weymann et al. 1991; Tytler & Fan 1992; Laor et al. 1995; Forster et al. 2001; Constantin et al. 2002; and many others) . We have measured the observed emission-line wavelengths for the Kast spectra because they provide much improved information on three lines in the Ly forest.
For each QSO in the survey, we attempted to identify all emission lines with wavelengths greater than the O vi-Ly emission-line blend. The results of the emission-line identifications are given in Table 5 , where the observed wavelengths for each emission line are given. In total, 526 emission lines were identified. The wavelengths in Table 5 were determined by either fitting Gaussians to the top third of the flux of the lines when possible or by determining the line emission peak by eye. For those emission lines in the Ly forest, all wavelengths listed were determined by eye. Because the methods used to determine the emission-line peaks are fairly inexact and because the effects of signal-to-noise ratio and Ly forest and strong metal absorption hamper the process, we estimate that the peak wavelengths have typical errors of AE5 8.
The values for the rest wavelengths, k rest , listed in Table 5,  come either from Table 2 of Telfer et al. (2002) or from Wills et al. (1995) , except for the lines near 1071, 1123, and 1176 8, which we discuss below.
In Table 6 , we list new redshifts, denoted by z eff , for each QSO. These are the means of the redshifts for each line with an observed wavelength in the table, except for those near 1071, 1123, and 1176 8, which we do not use. The approximate z em values that we list in Table 1 were used in Tytler et al. (2004) , and we used them to determine the rest wavelengths for the signal-to-noise ratio values in Table 1 .
As discussed in Tytler et al. (2004) , we found that there were often emission lines near rest wavelengths 1071, 1123, and 1176 8. In Table 6 we provide the rest wavelengths for these lines by dividing their observed wavelengths by the (1 þ z eA )-values. The mean rest wavelengths, 1070:95 AE 1:00, 1123:13 AE 0:51, and 1175:88 AE 0:30 8 are consistent with the identifications cited in Tytler et al. (2004) .
In some cases, we note that the blend of O i and Si ii at k rest ¼ 1306 8 is dominated by the Si ii k1309 transition and may cause additional errors in the determination of the QSO's redshift. In Table 7 , we list wavelengths and possible identifications for emission lines that we do not list in Table 5 . 
Notes.
-(1) Likely associated with QSO; (2) damped Ly system; (3) the strong H i absorption at this redshift shows no apparent metal absorption and may instead be a blend; (4) BAL absorption.
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